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Abstract
In this work, the Rietveld analysis shows that for Sm2Fe17-xMox, x  0.58, the structure is rhombohedral of Th2Zn17 type, for x=1
the structure is tetragonal of ThMn12 type. For x = 0.6 the most suitable space group for the structure description is P21/c of
Nd3(FeTi)29 type. The solubility of Mo in the 2/17 structure predicted by atomistic simulation has been demonstrated. The
Mössbauer spectra analysis corroborates the X-ray structure results for which Mo atoms are located in the 6c position (dumbbell
site) unlike Si and Ga located in 18h site.
Thermomagnetic measurements indicate that the Curie temperature (TC ) of the 2/17 phase increase up to 429 K, for the 3/29 and
1/12 phases, TC is, respectively, equal to 459 K and 538 K.
© 2009 Elsevier B.V.
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1. INTRODUCTION
Iron-rich rare-earth (R) intermetallic compounds of R2Fe17 type have been drawing considerable attention owing
to their applications as permanent magnet materials [1, 2].
The 3/29 phase is described as an alternate stacking of the R (Fe, M)12 phase [3] (tetragonal ThMn12-type
structure) and the R2(Fe, M)17 phase (rhombohedral Th2Zn17-type structure), which are very common intermetallic
compounds in the field of rare-earth permanent magnets. Mo is one of the stabilizing elements of the ternary alloys.
In this paper we focus attention on the effect of Mo substitution on the structure and magnetic properties in the
general series Sm2Fe17-xMox. The complexity of the structural arrangement of the R3 (Fe,M)29 phase has given rise to
contradictory reports concerning the magnetocrystalline anisotropy of the R3(Fe,M)29 phase [4]. Since the
R3(Fe,M)29 phase is intermediate between the ThMn12-type and Th2Zn17-type structures, production of the single
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R3(Fe,M)29 phase is difficult and time consuming. The 2/17 was theoretically predicted [5] but never been obtained
experimentally.
2. EXPERIMENT
Various alloys with nominal composition of Sm2Fe17-xMox (x = 0, 0.3, 0.4, 0.45, 0.5, 0.58, 0.6, 1, 1.5, 2 and 3)
have been prepared by mechanical alloying technique. A mixture of high-purity powders of Sm, Mo and prealloyed
Sm2Fe17 were used. Next, the powders were ball-milled in a high energy planetary to form an ultra-fine layered
microstructure. The as-milled powders were annealed at 1190 °C for 30 min. The crystal structure was deduced
from X-ray diffraction (XRD) patterns, the grain size of the sample was determined using Rietveld method by the
Scherer formula. The Curie temperature TC was determined using a differential sample magnetometer MANICS.
3. RESULTS
Fig 1. Rietveld fitting of XRD patterns of Sm2 (Fe,Mo)17.
Fig. 1 shows, as an example, the XRD diagrams of the Sm2 (Fe,Mo)17 sample. The results of the structure
refinement performed for the 2/17, 3/29 and 1/12 alloys show that these samples are respectively rhombohedral
Th2Zn17-type, monoclinic Nd3 (Fe,Ti)29-type and tetragonal ThMn12-type structures. The Rietveld analysis for x =
0.58 leads to the unit cell parameters: a = 8.558 Å, c = 12.472 Å. These values slightly higher than that of Sm2Fe17
are close to the unit-cell parameter of Sm2Fe16.5Ga0.5 [6]; in agreement with a simple steric effect of Fe substitution
(rFe = 1.27 Å) by a bigger atom (rMo = 1.39 Å).
For x = 0.6, the Rietveld analysis reveals a single monoclinic phase P21/c with unit-cell parameters: a = 10.610
Å, b = 8.556 Å, c = 9.717 Å and β= 96.88°. This corresponds to the following formula Sm3Fe27.98Mo1.02. For x=1,
Rietveld refinement leads to the following composition SmFe11.30Mo0.70 for the tetragonal 1/12 structure. The best
agreement factor RB for the Rietveld analysis of the 2/17 and 1/12 samples has been obtained with Mo respectively
located in, 6c and 8i sites. The Mössbauer interpretation as developed later confirms these results. The values of
structural parameters are given in Table 1.
Table 1.Unit cell parameters a and c, and Curie temperature TC of 2/17, 3/29 and 1/12 phases.
x = 0.58 x = 0.6 x = 1
a (Å) 8.558 10.610 8.577
b (Å) 8.558 8.556 8.577
c (Å) 12.472 9.717 4.792
β(deg) _ 96.88 _
TC (K) 429 459 538
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Thermomagnetic measurements for different Mo contents were carried out. The Curie temperature of
Sm2Fe16.55Mo0.58, Sm3Fe27.98Mo1.02 and SmFe11.30Mo0.70 are, respectively, 423, 459, and 538 K (Table 1). The Curie
temperatures (TC) of R2Fe17 compounds are low equal to 418 K for Sm2Fe17 [7]. The low Curie temperature of
R2Fe17 compounds is primarily due to the short Fe-Fe interatomic distances at the dumbbell sites where the Fe atoms
couple antiferromagnetically. The Fe-Fe bond distance for the dumbbell sites is 2.37Å. This value is smaller than
2.45Å, as a consequence, the exchange interactions are negative leading to antiferromagnetic interaction [8].
In general, the TC in rare earth intermetallic compounds is mainly controlled by (3d-3d) JFeFe exchange
interactions. JRFe is very small compared to JFeFe. The slight increase of TC in the Sm2(Fe,Mo)17 compared to the Mo
free might be explained by a reduction of number of negative antiferromagnetic interaction due to the substitution of
Fe by Mo in 6c site. The increase of TC from 2/17 to 1/12 phases, seems to be correlated to magnetic dilution due to
Mo enrichment.
Fig 2. The 293K Mössbauer spectra of Sm2Fe16.42Mo0.58.
Figure 2 shows, as an example, the experimental Mössbauer spectrum of 2/17 alloy at room temperature. The site
assignment of the hyperfine parameters was ruled by the correlation between the isomer shift δ and the Wigner-Seitz
cell volume (WSV) - calculated using crystallographic data derived from Rietveld refinement. The 6c site, having
the highest WSV and the highest near Fe neighbors, exhibits the largest isomer shift and hyperfine field. In our case,
the outer subspectra corresponding to the largest hyperfine field is assigned to the dumbbell Fe 6c sites. The
experimental abundance of the dumbbell, deduced from the fit, is in perfect agreement with the theoretical
replacement of 6c Fe atoms by Mo. The Mössbauer study, which has never been performed before, shows clearly
and mainly that, in 2/17 rhombohedral phase, the Mo atoms occupy only the 6c sites. For Sm(Fe,Mo)12 alloys, the
Mössbauer spectra were analyzed on the basis of the statistical distribution of Mo atoms. The site assignment of the
hyperfine parameters was based on the correlation between isomer shift and WSV. The mean hyperfine field for the
different phases 2/17, 3/29, and 1/12, and the mean isomer shift were, respectively 19.57, 21.52, 21.60T, and -0.109,
-0.101, -0.099 mm/s. According to the mean hyperfine parameter values (for all samples), we have noticed that the
2/17 phase (with the lowest TC) has the lowest mean hyperfine field < Hhf >. Meanwhile the 3/29 phase, which has a
TC lower than that of 1/12 phase, shows a similar < Hhf >. Within the experimental uncertainty, all samples exhibit
nearly the same mean isomer shift, which means that they have almost the same s electron density at the nucleus.
For Sm3 (Fe,Mo)29 compounds the shoulder observed at the right side of the spectrum is similar to the dumbbell
sites corresponding to the 2/17 alloys.
4. CONCLUSIONS
Within nominal description Sm2Fe17-xMox, depending on Mo content, three following phases are obtained:
2/17: m3R , never prepared is observed for the first time, for (0  x  0.58), 3/29: P21/c (x = 0.6) and 1/12: I4/mmm
(x >0.6) structures . The Rietveld analysis shows that the Mo is located in 6c dumbbell site in agreement with the
Mössbauer analysis. The Curie temperature of Sm2Fe16.42Mo0.58, Sm3Fe27.98Mo1.02 and SmFe11.30Mo0.70 are,
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respectively, 423, 459, and 538 K. The interpretation of the Mössbauer spectra is based on the one hand, on the
binomial distribution law of the Fe 6c dumbbells and the statistical occupation of Mo sites and on the other hand, on
the assignment of the various crystalline site isomer shift δ according to the relationship between δ and the Wigner-
Seitz cell volumes. The knowledge of these basic intrinsic properties will open the route to the improvement of the
extrinsic magnetic characteristics linked to hard magnetic applications.
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